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PUR POS E :To .prove the cryst—y - * — crystal » «^ <« « 
fl ,ms alternate* and separately and as multilayer film .ayers in such manner that GaXAII 
" Xn . and » popping the ,a«tice de.ec, o< g a„ium nitride compound to he g _ ; 

;™~e crysta, g rowth method tf g *m-a,um,num nitride represented hy 

coNSTiTUTio^ * ^ , n wh . ch th . nfflm QaN , ayers and 

OaN Irs and AIN layers corresponds to the molar ratio o, g a,lium-a,um,num n„,de A ,ar g e 

o " is aerated Py the ditterence in lattice constant between -^^1 
GaN layers Further, a lattice detect is generated in the GaN ,ayers by (h,s d,s,ort,on. When 

stopped at that place. 

[Claim(s)] „„n;„m nitride aluminum 

rni • il Tt is the crystal growth approach of a gallium nitride 

[Claim 1J It is the crysw g r«XAU-XN (0< X<1). As the 

n +m . tW a ^neral formula is expressed with GaXAII ajn vu 
semi-conductor that a general ror 

, . , .-. p.M lovtr of a thin film and tne aun io.y<=L ^ 

— era iayer :^ ;i; u *. „*, * — * *. G a N 

film were grown up by turns is gruwu „„ii: lirn 
bin were g y aim i aver supports the mole ratio of said gallium 

laver of the. multilayers layer and an AIM layer suppor „„, lilltn 
layer 01 uie j rrv „t a l growth approach of the gallium 

nitride aluminum semi-conductor further The crystal growt PP 
nitride aluminum semi-conductor characterized by growing up a GaN layer 

layer. 

[Detailed Description of the Invention] 
[0001] 
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• t +QO tn the crystal growth approach of the 
Application] This invention relates^* cry g ^ 

g allium nitride aluminum semi-conductor which is app ^ ^ 

Ipproach of a gallium nitride a— r ha ^ ^ 

expressed with GaXAUXN (0< X<1), especially is used 

as a blue light emitting diode and a blue laser diode. 

10002) . , • an n-vl group's ZnSe, an 

Ascription o t the Prior Art, Research is advanc sing an ^ ^ 

IWV «-»*•• SiC ' an ^ 8I0UPS ° ^conductor [GaXAll-XN (however, 

whl ch the gaUium nitride system ^ * - fa ^ 

0<=X<=1)] was comparatively excellent also in it ^ lumine scence 

recently, and the blue luminescence device at^~ ™ ^ ^ the 
devic e is obtained by growing up fundamen tally in™ ^ ^ 
crystal of the galiiu m nitride.s. m ^^^^ by whlch a general 
especiaUy the foUowing, the phrase ol a s n< _ x<=1) on silicon on sapphire 

formula is expressed with GaXAll-XN (however, 0<-X< 

g eneraUy, and carrying out the 8 ~ mMe Bystem compound 

[0003] As an approach of growing up the crysta ° £ * ^ ^ M0CVD 

va por growth, such as organometaUic ^'^^^ method) , Ishnown 

method, and a ^^^i^- - ^ 

- well. When the approach using the MOCVD ^ 

^^^^•77^X1 (TMG), Supply], such as 
trimethyi— m(TMA, an d a ^ ^ ^ ^ 

Si , etc. in a substrate, generally sapphn..nsed ^ ^ ^ ^ ^ 

[0 004, however, MOCVD ~ law ^ l ained by vapor growth, such 

luminescence device usmg the blue light ern.tt.ngd 

a8 law, for example, blue light emitting dio e, ha no J ^ ^ 

because, the galHum nitride ^ —nd which g^ ^ ^ ^ 
conventionally ■- themo^ GaN ^ ^ ^ of tne , mold GaN 

doping" an n mold GaN layer g OTTlH bv the junction of n layers and 1 

layer t ~ ] is earned out and Hght is made 0 ^ ^ _ by 
layers. Moreover, this invention person showed that the P 
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to ] first. 



[0005] , . . •_. nrac tical use raise in the 

brlgto esso t Ughte m tt 1 n g d l ode,o r bluelase d ^ ^ 

mold of high quality, or the p mold GaAlN. ^ conve „tionaUy 
[0006] MOCVD when Rowing up the crystal of ^ by p ^ ^ ^ 

.- in ,aw, the mixed-crystal film was grown up by « 

Tivrr eras and TMA gas want to grow up to be in a re 

Ga and ^ ^ oreover , in th e MBE method, into the reaction 

up ^ h ^SSr;=r« ^- with grow,ng UP a 

, v n fr a XAU-XN was made small namely, duiwj 

mixed.crystal whenXofGaXAllAiN w semiring the outstanding- 

ia Pq A1"M was- not obtained hy not acquiring 

and double hetero structure, laser diode, etc. was impose 

mixed-crystal film of gaffium nitride alummum excellent rn crystalh 

El for So,,g the Problem, th l8 rn.ent.on ^^^L 

mans usmg law that a - ^ ome8 , tnought tbat they interfered 

m ole ratio of alummum of GaXAll XN ^ ^ 

th ere were and crystaUimty worsened by passmg ^ S ^ ^ ^ ^ ^ 

used as a raw ^ the GaN film and the A1N film are 

into which it grows up to be separately X separately, and seeing 

_r grown up, respectively ^ whether GaXAll'XN is growing, and 
macroscopically, things are found out that >t can 
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it came tO —h ^ i— . ^ ^ approach ^ 

gallium nitride aluminum that " GaN layer of a thin film and the A1N layer - 

„£ a thin fflm were grown up by turns gro P ^ ^ ^ 

the GaN layer of the multilayers layer and an A1N layer supp 

galUum nitride aluminum further It is ^"^ ^^l aluminum 
A1N layer. Namely, it faces that this invention grows u Make an 
crystal by which a general formula - expressed with ^ ^ C 



double hetero structure which makes a cladding layer an n mold GaMN ^ P 
moldGaAlN layer for the crystal^ £ layer , 

on sapphire for example, using the MOCVD method ^ ^ 

barrier layer. First, the silicons sapphire washed 

. susceptor in a reaction container, among re ucmg — a substra* is 
1000 degrees C or more by high-fre,uency heating etc., and ^the oxule 
.moved. After cooling slowly and lowering the temperature a sus.p » e 
-„d after 600 degrees C after heating, reactant gas is supphed in a reaction 

Keactant gas uses ammonia gas as organometallic compound gas s^ ^ 
sour ce of N as TMG and a source of -aluminum as a source ^^J^ Q0 
huffer layer, temperature of a susceptor , » - ^gas grow up 

degrees C or more, it holds * ™^ mold, it usuaUy dopes Si 

the crystal of GaN with a sink. In obtaining the GaN layer 

for silane gas during a sink GaN crystal with those gas. ^ ?N „ it> 

B»U] Then, when growing up the crystal layer of n mold G£S ^ 

holding at !050 degrees C, the about ten-layer crystal of a 

• n ^ f ta/tp Tocand TMA gas with a sink by turns, ana me ^ * 
A1N is carried out for TMU gas ana im-^ ^ 

layers layer is grown up. Although the laminatin ^ ^ 

sum total of each thickness may be set to GaN-AUN 
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and by changing the time amount which passes ga 

be grown up. mold Ga0 .3aluminum0.7N 

100121 Th r t™T^^~^**~< m (Cp2Mg) 

lay er,in " to ™ G d g ; n S ^ g y which is p m o,d impurity is doped in a GaN layer. 
g as, etc. are passed, an d Zn or ^ ^ layer 

When growing up P moid G » 0Muml \ u8e a multilayer s iayer as p moid, 

can be grown up like the ^^ ^Z ^ is continued aiso during growth. 

-^'^r/ri^n^ ^ the obtained gallium nitride 
Thus, the sectional view of the comp ^ ^ ^ ^ ^ 

system compound is shown m . Ga0 .3aluminum0.7N layer 

hetero structure which makes a claddmg layer an 
. Md apmo,aOa0 bTT n ; m = 

[0013] As for the buffer layer first grown p ^ ^ ^ ^ ^ 

approach of this invention, it is more desirable to make itg P ^ ^ 

crystalling the gallium nitride system compo ™nd *b s~ P ^ 

.though the genera, formula - ^^^^L-* * / *— ' 

ma de into a buffer layer and the buffer laye ^ ^ ^ ; 

desirable and , the most desirabl.rather than it ~ ^ „ „ sually 

mention person clarified before. The growth temper tur f a*^ V ^ ^ 

r - 900 dearees C low temperature, for example, MU"" 
200 degrees G 900 degrees ^ ^ ^ ^ temperature not 

around 500 degrees C in law MBE it can 

more than it by law m „, t ilavers layer can be formed at the same 

[0014! The growth temperature of a multUay J 
- temperature as the temperature at the time „ ^ ^ ^ ^ 

c — d. M — b^O^orthlct " — -d they usual* carry out a 

more than two-layer by 10 3000A thickn ft fo ^ 

10 . 10 0..ayer laminating by the thickness a^und 20 00A. Wh ^ ^ 

th e lattice defect described later if the «. — ^ ^ of 

and each thickness is larger than 3000A, it is in tn 
the multilayers layer to worsen. 

[0015] „ . whether GaXAll'XN is 

which grows on silicon on sappfure Dy 
nitride system compound wmcn gruw 
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as other ^ - te stoPP .. :^::;: d r A :; 

la ttice constant has shifted about 16%. The gap - stUUa *e ^ ^ 

portion occurs between silicon on sapphrre and a G N , , ^ ^ GaN 

la ttice constant. Furthermore, a latfce defec - * ^ reason , 
las er, and this defect runs continuously* the ^ ta by 

this defect made continuously. 

t0 ° 161 . .oh of this invention is explained in full detail in 
[Example] The crystal growth approach of this inve 



the example below. 



[Example l] in th suscep tor in a reaction 

mstaU the silicon on sapphn-e a container , the substrate was 

container. After Carres out evacuaUor . d *e mside ^ ^ ^ ^ 

heated for hydrogen gas for 20 mmutes at 1050 degrees 

M1 de was remove. Then, <^£ZZZZ ^1 .own up by 200A 

as the source of Ga in 500 degrees C. and the GaN 

thickness with the s,nk in hydrogen gas as ^ » d 

a ndasource.ofN a8 next an4 ralsing a stop and temperature even at . 

rdir C^rarr, dope n - GaN layer « M- grown up by 
Aerometer thickness in TMG gas and S1H4 Cmo^lane ga, ^ ^ 

,00181 - next, TMAgas after TMAgas grew up ' ^ gas J ^ ^ GaN 

Bto p and a source of a— - a stop ~ repeated 

layers by 4 times as much t,me amoun M o£ 30 layers of A1N 

r ^ irr:^" — — - - - - 

Ga0.8aluminum0.2N, I hear that 3000A grew and >t » ^ 
dope p mold GaN layer by the tockness of 0.5 microm 

membrane layer succeeding with the sink. and fte WN film for 



6 



JP 5-110139 



a multilayers layer. ^ ^ mo i e ratio „f TMG gas 

100211 Example! °f a compared In an , ^ the 
and TMA gas to 8-2, ^^^l.^ and p mold G aO.Sal—0,N was 

mixed-crystal filmof n mold GaO.Salunnn compound 

formed by 3000A thickness, respect,vely, and also the gal 

component was produced like the example 1. ^ crysta]lmity ot 
a gallium nitride aluminum crystal of the compo 

1 of a comparison which were squired. ^ curye 

[00 23] First, the p mold ™**>^™J^ width (FWHM:full width at 
was measured, and it asked for the ^ 1S eXceU ent, so that FWHM is 

hal ,maximum). It can be con.dered ha tQ p type laye r of 

small. Consequently, it of the example of a comparison 

an example 1 having been 3 minutes. concentratioI1 was 

. [00241 Next, when p mold GaO.BalununumO^ Hay ^ lt 

-measured by hole measurement, to it of an ex P measure d. this shows 

— ^:7t:^^ I— -heaPProachon.s.yent.on 
that the crystallmity ot tne gamu 

is markedly alike, and excellent. comp0 nent the chip of 0.5mm angle by 

100251 Furthermore, after 'f™*^^ and was made to emit Ught by 
dicing, blue light emittmg d>ode (LED) was p ^ ^ 

out an electrode from P type *»£^J[ Conseq uen tl y, in 20mA of 
according to a conventional method, ^-J^ „ f a compari8on to 20 
forward current, it did not pass over LED of th P ^ ^ 

microwatts to LED obtained from the -J-nt^n ex P ^ ^ g 

microwatts of 430nm radiant power ^ & mple , wing been ,V. 

oompanson was 30V to the forward ^^"J^ whlch carry out the 
[00261 (Example 2l In the process of a ^ ^ ^ ^ ^ fcy 16QA 

iaminating of 40A of A1N layers and ev ry 20 1 y Ga o.8aluminum0.2N and 

tMckness, and it considers as the mrxed crystal «m of n ^ 
p mold Ga0.8aluminum0.2N, respectively, and also has 

syB tem compound like an <°»*^%£ — hole measurement, and 
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a « 9A0A GaN layer for ten layers and a 80A GaN 
to grow up Ten layers, Ten layers and a 240 A GaN lay 

, r fini A1N laver ] The laminating of a GaN layer aim 

[ayer Ten layers, I a 60A A1N ayerj ^ ^ mixed . CIystal 

wa8 earned out at Ga0.8aluminum0.2N whose total tMcicness ,s 

film „ f GaO.Balumrnu ^ ^ whfch ^ of a gaUlum 

4000A was grown up. Utners oulaiu 

nrtnde system compound l*e an «k ^ hole measur ement, and 

th e component obtained^ the ^^^"-P""* which carry out the 
[0030] [Example 4] In the process of and , 
gating of an A1N layer and every ter, .layer* ^ 

— and U ^ " »- — of a gallium 

and p mold GaQ.5aluminum0.5N, respectively, 

r ^mir rrx:" *. — - - - 

the component obtamedm the example 1 was obtiuned. 

100321 , ■ ' n,.o™stal growth approach of the gallium 

[Effect of the Invention! As explained above, ^ ^ by ^ 

mt ride aluminum of this invention can be whether GaXAl _ * 

[.ye, moreover, since the lattice defect of he ^ ^ 

up „n surcon on sapphrre Ja - be raised, since it can be made as 

„nt the laminating can be ^ carried out the laminating of 

terrorism structure to double and the compo oonventionaUy ca n be made 

- ^» — -7 Til" "I emrtting diode, a User 
into terrorism structure to a srngle to* ^ 
diode, etc. can be realized, and a great thing has 
of a blue luminescence device etc. 

[Brief Description of the Drawings] „ rt ion of the component by one 

Uj^i^jl The mimetic diagram showing the cross section 
example of the crystal growth approach of this invention. 

[Drawing ll 
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